Rationale: The Xpert MTB/RIF is an automated molecular test for Mycobacterium tuberculosis that estimates bacterial burden by measuring the threshold-cycle (Ct) of its M. tuberculosis-specific real-time polymerase chain reaction. Bacterial burden is an important biomarker for disease severity, infection control risk, and response to therapy. Objectives: Evaluate bacterial load quantitation by Xpert MTB/RIF compared with conventional quantitative methods. Methods: Xpert MTB/RIF results were compared with smear-microscopy, semiquantiative solid culture, and time-to-detection in liquid culture for 741 patients and 2,008 samples tested in a multisite clinical trial. An internal control real-time polymerase chain reaction was evaluated for its ability to identify inaccurate quantitative Xpert MTB/RIF results. Measurements and Main Results: Assays with an internal control Ct greater than 34 were likely to be inaccurately quantitated; this represented 15% of M. tuberculosis-positive tests. Excluding these, decreasing M. tuberculosis Ct was associated with increasing smear microscopy grade for smears of concentrated sputum pellets (r s ¼ 20.77) and directly from sputum (r s ¼ 20.71). A Ct cutoff of approximately 27.7 best predicted smear-positive status. The association between M. tuberculosis Ct and time-to-detection in liquid culture (r s ¼ 0.68) and semiquantitative colony counts (r s ¼ 20.56) was weaker than smear. Tests of paired same-patient sputum showed that highviscosity sputum samples contained 332 more M. tuberculosis than nonviscous samples. Comparisons between the grade of the acid-fast bacilli smear and Xpert MTB/RIF quantitative data across study sites enabled us to identify a site outlier in microscopy. Conclusions: Xpert MTB/RIF quantitation offers a new, standardized approach to measuring bacterial burden in the sputum of patients with tuberculosis.
AT A GLANCE COMMENTARY Scientific Knowledge on the Subject
The Xpert MTB/RIF assay is a rapid diagnostic test for tuberculosis and rifampin resistance. A number of studies have examined the sensitivity and specificity of the assay in various clinical settings and with various sample types. The test can also provide an estimate of the bacterial load present in the sample, although little data have been published on the accuracy or performance of this capability.
What This Study Adds to the Field
Xpert MTB/RIF assay provides a measure of the number of Mycobacterium tuberculosis bacilli that are present in a defined volume of sputum. This measure correlated well with other estimates of bacterial load, such as sputum acidfast bacilli smear and culture time-to-positive. The correlation was strongest for assays that had internal control cycle threshold values less than or equal to 34. Despite this generally good correlation, the Xpert MTB/RIF assay detected considerable variation in the Xpert's quantitative estimate among sputum samples within the same acid-fast bacilli grade. This observation could be caused by variability within individual sputum samples, the inherent inaccuracy of smear grading, or unexplained variation in the Xpert MTB/RIF assay. The Xpert MTB/RIF assay could be used to distinguish between samples that were smear-positive versus smear-negative with varying degrees of sensitivity and specificity depending on the chosen cutoff. A cycle-threshold cutoff of approximately 27.7 best predicted smear-positive status.
system that accepts a variety of other cartridges intended for other diseases or disease panels. Several recent studies have described the analytic and clinical performance of Xpert MTB/RIF (7) (8) (9) (10) (11) (12) (13) (14) (15) .
The real-time polymerase chain reaction (PCR) used to detect M. tuberculosis within the Xpert MTB/RIF assay has been shown to be quantitative. Analytic experiments conducted by spiking known quantities of M. tuberculosis into M. tuberculosisnegative sputum have shown that there is a linear relationship between the M. tuberculosis-specific cycle-threshold (M. tuberculosis Ct) that is generated in each positive assay and the log of M. tuberculosis cfu present in the sample (8) . The assay also contains an internal control intended to indicate suboptimal sample processing and PCR conditions that can alter the relationship between M. tuberculosis Ct and the number of bacteria present in the tested sample.
Several small studies have compared quantitative Xpert MTB/RIF results with more conventional measures of bacterial load, such as direct or concentrated sputum smears, counts of cfu on solid agar growth media, or measures of time-to-detection (TTD) in liquid culture (11, 13, 14, 16) . However, these studies have been performed at single sites with limited numbers of samples, which has precluded detailed and generalizable analyses. No study has compared the Xpert MTB/RIF assay with all four conventional quantitative measures. Finally, no study has included the ability of Xpert MTB/RIF to identify samples with PCR inhibition in their analysis of assay quantitation. A failure to consider the effect of inhibition can result in a serious misinterpretation of the assay's quantitative result, because PCR inhibition might impact M. tuberculosis Ct independently of bacterial load. To address the limitations of previous studies, we compared the quantitative capabilities of Xpert MTB/RIF with each existing method with and without adjustment for PCR inhibition measures. We used data from a large recently published, multisite clinical trial to increase the precision of our analysis, to examine quantitative performance between and across study sites, and to investigate potential applications of quantitative data produced by the Xpert MTB/RIF assay (9) .
METHODS

Study Population and Methods
We analyzed quantitative measures recorded in a previously reported clinical evaluation of the Xpert MTB/RIF assay (Cepheid) (9) . The patient populations, study protocol, and methods have been reported previously in detail (9) . In brief, patients were enrolled at five sites: Lima, Peru; Baku, Azerbaijan; Cape Town and Durban, South Africa; and Mumbai, India. For this analysis each site was randomly assigned a single letter alias (A, B, C, D, or E). Each patient provided three sputum samples. Two of these were randomly selected and were processed by the NALC-NaOH method and then resuspended in 1.5 ml of phosphate buffer (17) . A total of 500 ml of the resulting pellet was used to inoculate a mycobacterial growth indicator tube (MGIT); 500 ml was tested in the Xpert MTB/RIF; 100 ml was inoculated onto Lö wensteinJensen media (site E used Middlebrook 7H11); and a Ziehl-Neelsen (ZN)-stained smear was prepared from the remaining volume. The Xpert MTB/RIF aliquot was brought up to 2 ml in the assay's sample reagent before testing. A direct ZN smear was prepared from a portion of the unprocessed third sputum and the remaining sample was tested directly in the Xpert MTB/RIF assay according to the manufacturer's instructions without NALC-NaOH decontamination. Operators graded each sputum sample as "very viscous," "viscous," or "not viscous/ watery," although no standardized training on how to classify sample viscosity was provided. We performed a per sample analysis of sputum samples collected from patients with culture-confirmed tuberculosis. Samples with contaminated cultures were excluded from analysis where applicable. This study was approved by the institutional review board at each clinical site as part of the parent clinical study approval (which included an analysis of the Xpert MTB/RIF assay's quantitative functions in the original study protocol). The data analysis reported here was also approved by the University of Medicine and Dentistry of New Jersey institutional review board. Patient data collected from the parent study were anonymized before use in the present work.
Sample Quantitation
The Xpert MTB/RIF assay is a hemi-nested PCR assay that targets the M. tuberculosis rpoB gene (7). The GeneXpert instrument, which automatically performs the assay, assigns each sample a semiquantitative grade on the basis of the Ct of the first positive probe that detects M. tuberculosis. Semiquantitative cutoffs had been previously assigned to roughly quarter the number of tests falling into each group using results from initial clinical pilot studies as follows: "high," Ct less than or equal to 16; "medium," Ct greater than 16 and less than or equal to 22; "low," Ct greater than 22 and less than or equal to 28; and "very low," Ct greater than 28 and less than or equal to 38. Sputum smears and culture on Lö wenstein-Jensen agar slants (LJ) were graded according to the International Union Against Tuberculosis and Lung Disease (IUATLD) scale (18) provided in Table 1 along with the conversion to the alternate American Thoracic Society scale (19) . The TTD for positive MGIT cultures was determined as the time elapsed in days between the inoculation of a given culture and the day in which it was identified as a positive result by the BACTEC 960 (BD Diagnostics, Sparks, MD) instrument, but excluding any time necessary to confirm the positive result as M. tuberculosis. In the event that a culture was contaminated, sites reinoculated secondary cultures from the initial sputum pellet, which was stored at 2808C. TTD data reporting for these reinoculated cultures were not handled uniformly at all sites because this was not an end point of the parent study. Sites A and B reported the time from repeat inoculation to positivity. Sites C and D reported only the initial inoculation date of the primary culture and the date of positivity for the reinoculated culture. TTD data were not collected at site E. Incomplete data on sample reinoculation precluded the possibility of excluding all reinoculated cultures.
Calculation of Ideal M. tuberculosis Ct for Each Smear Grade
Our study includes a comparison between actual M. tuberculosis Ct, acid-fast bacilli (AFB) smear grade, and an "ideal" M. tuberculosis Ct that would be expected for each AFB smear grade under ideal conditions (no PCR inhibitors, linear Xpert MTB/RIF assay quantitative dynamic range, and accurate AFB smear grade assignments). This y The ATS scale requires 300 fields to be observed before reporting a negative, includes an additional category of "doubtful" for one to two bacilli observed per 300 fields, and defines 31 and 41 as one to nine and greater than nine AFB per field, respectively.
calculation presumed that the limit of detection for smear microscopy is 5,000 cfu/ml (20, 21) , and that each increasing grade reflected a 10-fold increase in the number of bacilli present in the sputum sample. 
Detecting PCR Inhibition
The Xpert MTB/RIF includes an internal control PCR. Bacillus globigii spores are resuspended during the automated sample processing steps, processed along with the sputum sample, and the B. globigii DNA is detected in a hemi-nested real-time PCR reaction multiplexed with the M. tuberculosis assay. If the internal control assay fails to produce a positive result the instrument reports the assay as invalid in the event that the M. tuberculosis probes are also negative. We have previously shown that the Ct of the internal control assay is not affected by the amount of M. tuberculosis present in the sample (8) .
Statistical Analysis
The strength of correlation between M. tuberculosis Ct and AFB smear or solid culture grade was determined by calculating the Spearman rank correlation coefficient (r s ) for all valid samples and separately for each individual site. Similarly, Spearman rank coefficients were estimated to assess the correlation between M. tuberculosis Ct and MGIT TTD again overall, and by site. Correlations were determined before and after omitting tests with an internal control Ct greater than 34. SAS version 9.2 (SAS, Cary, NC) was used for these calculations. To generate a receiver operating curve (ROC) we defined all samples with a smear grade of 11 or above as smear positive, and those with grades of scanty or negative as smear negative. We then iteratively calculated the sensitivity and specificity of a M. tuberculosis Ct threshold for defining smear positivity for the range of possible M. tuberculosis Ct values, wherein all tests with a Ct below a threshold were defined as smearpositive, and those above as smear-negative.
RESULTS
Patients and Samples
We examined the correlation between M. tuberculosis Ct and conventional quantitative results in the 2,223 sputum samples from patients with culture-confirmed tuberculosis that had been included in the core analysis of the parent study ( Figure 1 ). We excluded 215 of these samples that were Xpert MTB/RIF negative. Of the remaining 2,008 samples, 1,333 had been processed with NALC-NaOH and had ZN microscopy, liquid culture, solid culture, and Xpert results; and 675 samples had been tested directly with direct ZN microscopy and Xpert. In 53 cases, the initial Xpert MTB/RIF test failed, whereas a repeat test was positive for tuberculosis. These repeat tests were included in the study.
Mycobacterium tuberculosis Ct and Internal Control Ct
We wondered whether the internal control PCR reaction, which is embedded within the Xpert MTB/RIF assay, could be used to identify tests that were at risk for inaccurate quantification because of PCR inhibitors or other test errors. We examined the relationship between the average M. tuberculosis PCR Ct and AFB smear grade as a function of the internal control PCR Ct ( Figure 2 ). We found that the moving average of M. (17); TB ¼ tuberculosis; ZN ¼ Ziehl-Neelsen staining. *MGIT results excluded 80 samples from Site E for which no time-to-detection data were collected, 234 samples collected from patients being treated for Mycobacterium tuberculosis at the time of sample collection, and 9 samples for which the MGIT culture was contaminated. **LJ results excluded 80 samples from Site E that were cultured on a different solid media (Middlebrook 7H11) than at the rest of the sites, 234 samples collected from patients on M. tuberculosis therapy at time of collection, and 61 contaminated cultures.
for all tests performed from pellets. After an initial instability caused by low sample size, Spearman correlation values stabilized at approximately 20.76 when including tests with an internal control Ct of 29 up to 34, and then declined as samples with internal control Ct greater than 34 were included ( Figure  3 ). These results strongly suggest that Xpert MTB/RIF tests that produce internal control Cts greater than 34 provide less accurate quantitation than tests with internal control Cts less than or equal to 34.
Xpert Quantitation Versus Smear Microscopy
Smear microscopy is the only widely implemented method for quantifying bacterial burden at the time of initial diagnosis. We examined the relationship between M. tuberculosis Ct and the grade of the AFB smear for samples prepared from either processed sputum pellets or directly from the sputa. The r s was calculated for all samples and for each individual study site, with and without omitting assays with internal control Cts greater than 34 ( Figure 4A ) and direct smears ( Figure 4B ).
Xpert Semiquantitative Reporting
The Xpert MTB/RIF assay assigns a semiquantitative category to each test positive for M. tuberculosis. We examined the distribution of smear grades for all pelleted samples within each semiquantitative category (Table 3) . Tests with internal control Ct greater than 34 were excluded. We found that 94.9% of "high" samples were graded 21 or above; 93.7% of "medium" samples were 11 and above, 81.9% of "low" samples were 11 and below, and 86% of "very low" samples were scanty and below. Thus, although the Xpert MTB/RIF assay's current semiquantitative categories seem to be generally predictive of bacterial load as assessed by AFB smears, the Xpert MTB/RIF assay quantitative categories do not consistently segregate samples into the same categories as sputum microscopy.
Smear-negative patients are generally thought to be less infectious than smear-positive patients (22, 23) . A ROC curve of all samples with internal control Cts less than or equal to 34 was generated to examine the sensitivity versus specificity of various M. tuberculosis Ct cutoffs for predicting smearpositive (AFB grade of 11 and greater) status ( Figure 5) . A Ct of 25 was 95% sensitive and 65% specific for smear-positive status, and a Ct of 27.7 was 98% sensitive and 48% specific for smear-positive status.
Culture Techniques
Culture-based diagnostics are significantly more sensitive than smear microscopy, but they require an incubation interval that precludes their use for initial patient management. Culturebased quantitation remains important for public health reporting and scientific applications. We assessed the association between M. tuberculosis Ct and the quantitative estimates of bacterial burden provided by the culture-based techniques used in this study. The parent study used a semiquantitative reporting system instead of actual cfu counts, consistent with IUTALD recommended practice. This system precluded a precise analysis of the cfu to Ct correlation. Nonetheless, the results showed a weak (r s ¼ 20.56) inverse correlation between increasing solid culture grade and M. tuberculosis Ct across all sites ( Figure 4C ) when excluding tests with internal control Ct greater than 34. There was significant overlap in M. tuberculosis Ct distribution between culture-negative samples and those in the less than 20 cfu grade that likely reflects the relatively low sensitivity of solid culture (9) . We also assessed the correlation between M. tuberculosis Ct and TTD in a BACTEC MGIT 960 automated liquid culture system ( Figure 4D ) and found a positive correlation between increasing M. tuberculosis Ct and TTD less than or equal to 28 days (r s ¼ 0.68) after excluding tests with internal control Ct greater than 34 ( Table 2 ). There was no significant association between TTD and Ct for samples with a TTD greater than 28 days. There was substantial variation in the M. tuberculosis Ct for samples with identical TTD results, with an average standard deviation of 6 4 Cts per day, or a roughly 3500 difference in concentration within 6 one standard deviation of the mean for all samples positive on an average day. Many factors other than number of cfu in the initial sputum sample influence TTD, including variation in viability after decontamination and strain fitness, potentially contributing to the observed variability.
4C/FPO
Site-to-Site Smear Microscopy Comparisons
Both the sensitivity of smear microscopy and the accuracy of the resultant quantitative grades can vary with training, workload, and equipment. We compared the average M. tuberculosis Ct for all samples assigned a particular smear grade at each site with each other, and with an "ideal" average Ct that was expected for each smear grade at all sites with at least 100 results. Tests performed on pellets ( Figure 6A ) or directly from sputum ( Figure 6B ) were studied separately. We found that smear grading based on smears prepared from pellets was relatively consistent across sites. The average M. tuberculosis Cts for each smear grade was also very close to the average "ideal" M. tuberculosis Cts predicted for each, although standard deviation in M. tuberculosis Ct was high with an average standard deviation of 3.3 Cts per grade. Smears prepared from pellet at site B were associated with consistently earlier M. tuberculosis Cts when compared with the other sites. Interestingly, smears prepared directly from sputum deviated consistently from "ideal" Cts, except at site D. This is likely because of the difficulty in accurately quantitating AFB numbers in smears that have not been digested and concentrated. Our results suggest that the Xpert assay can be used to test and monitor laboratories that perform sputum AFB tests for accuracy and consistency.
Bacterial Load and Sputum Type
Specimen quality has been implicated as an important component in TB diagnosis. We hypothesized that sputum viscosity grades assigned to each sputum might function as a surrogate marker of specimen quality. Specimens were graded as "very viscous" (VV), "viscous" (V), or "not viscous/watery" (NV/W). We determined the difference in M. tuberculosis Ct for each pair of NALC-NaOH-treated sputum samples submitted by a single patient (∆MtbCt), for all patients with two positive Xperts both having internal control Cts less than or equal to 34, by subtracting the M. tuberculosis Ct of the higher-viscosity sample from that of the lower-viscosity sample. If both samples were assigned the same viscosity grade we subtracted the Ct from one of the sputum samples selected at random from the other. The average ∆MtbCt for all sample pairs with identical viscosity estimates (both VV, V, or NV/W) was 20.11 (n ¼ 319; 95% confidence interval [CI], 20.5 to 0.3). For paired samples with a one grade level difference between estimates (VV → V or V → NV/W) the higher viscosity sample was an average of 1.6 Cts (n ¼ 95; 95% CI, 0.8-2.4) earlier than the low viscosity sample, and for a two grade level difference between estimates (VV → NV/W) the higher viscosity sample was 4.52 Cts (n ¼ 17; 95% CI, 0.8-8.3) earlier ( Figure 7) . It is possible to extrapolate a difference in sputum cfu per milliliter from a known difference in assay Ct using the relationship between Ct and cfu described in METHODS. A one grade difference corresponds to an average of 33.4 more cfu per milliliter in the more viscous sample, whereas a two grade difference corresponds to an average of 332.6 more cfu per milliliter between the least viscous and most viscous. These results suggest that higher viscosity samples will be more likely to contain large numbers of bacteria. 
DISCUSSION
Smear microscopy is the primary means of diagnosing tuberculosis in high-burden countries. The distinction between smearnegative and smear-positive cases can be particularly important. Smear-positive cases pose an increased clinical, infection control, and public health risk because of their higher disease burden and infectiousness. Smear-negative cases mark patients who might not have been identified and treated if sputum microscopy was the sole diagnostic modality. Laboratory cross-contamination and pseudo outbreaks of tuberculosis most commonly occur in smear-negative cases. Here, we showed that the Xpert MTB/ RIFs M. tuberculosis Ct results correlate well with smear microscopy grades. The correlation can be further improved if tests with Cts delayed by PCR inhibition are removed. The AFB smear has an effective dynamic range of 10 4 cfu/ml to approximately 10 8 cfu/ml. The lower bound of this range is set by a microscopy's operational limit of detection and the upper bound is set by the maximum bacterial load observed in clinical specimens. This four-log range is divided by a classification scheme with four grades each corresponding to a 10-fold change from the grade on either side. The semiquantitative grades provided by the Xpert MTB/RIF assay could possibly substitute for the AFB smear grade. However, the assay has a dynamic range of 10 2 to at least 10 7 cfu/ml; yet, the assay assigns positive results to one of only four semiquantitative categories. Furthermore, these categories are not based on log measures, but were instead designed to roughly quarter the samples tested. It will take an adjustment for health care workers to adapt their practices to the Xpert MTB/RIF grading system. An alternative is for clinicians to use the M. tuberculosis Ct value of each assay (perhaps adjusted for internal control Ct if .34) to measure bacterial load rather than relying on the semiquantitative grades. Our study suggests it may be possible to detect the equivalent of smear-positive patients based on the M. tuberculosis Ct reported by the assay. The association between a particular M. tuberculosis Ct cutoff and patient or public health outcomes needs to be rigorously examined in prospective studies.
Despite the strong correlation between M. tuberculosis Ct and sputum smear grade, our results also revealed a relatively large variation of M. tuberculosis Ct within each smear grade and a relatively large overlap of M. tuberculosis Ct between adjoining smear grades. Importantly, a substantial number of smear-negative samples had M. tuberculosis Cts below the mean M. tuberculosis Ct for smear-positive sputum samples. Our ROC analysis demonstrates the consequence of these results, 
Definition of abbreviations: AFB ¼ acid-fast bacilli; Ct ¼ cycle-threshold; TB ¼ tuberculosis.
* Excludes tests with internal control Ct greater than 34 and tests from site B, which was found to be an outlier in comparisons of average Mycobacterium tuberculosis Cts per smear grade ( Figure 6 ). because it shows the difficulty of selecting a single Ct value that is both a sensitive and specific predictor of smear-positive sputum status. Smear classification is operator dependant and has highly variable operational sensitivity (24) . It is difficult to assess what proportion of the variation is caused by variation in the reproducibility of the M. tuberculosis Ct and what is attributable to variation in smear grading procedures. We suggest that the Xpert may provide quantitative results that are more consistent across and between sites than smear microscopy, especially in settings where smear sensitivity is low because of inadequacies in personnel or equipment. The consistency of the Xpert assay may be particularly important when dividing patients who are deemed likely to be infectious versus patients who are unlikely to be infectious because of low bacterial sputum burdens. Our results suggest that a significant number of samples that are classified as smear-negative do in fact contain relatively high numbers of M. tuberculosis bacteria in their sputum. At least one large study has suggested that sputum smear-negative patients are a substantial source of tuberculosis transmission (25) . It is possible that the Xpert quantitation can be used to identify the subset of potentially infectious smear-negative patients. Taken together, these considerations suggest that the Ct cutoff value most relevant for predicting increased infectivity should likely include almost all smearpositive samples and also include smear-negative samples that have low Ct values. This is because a low Ct value is likely to identify samples with increased numbers of M. tuberculosis bacilli, even if that sample is smear-negative. For example, a Ct of 27.7, which is 98% sensitive and 48% specific for smearpositive status, may detect patients with increased infectivity more reliably than sputum AFB smear, as long as only samples with internal control Cts of less than or equal to 34 are included.
We observed a weak correlation between M. tuberculosis Ct and LJ-based semiquantitative culture grades. The reporting of cfu grades rather than actual cfu counts precluded a more detailed analysis of the LJ culture results. The correlation between Ct and MGIT TTD was relatively stronger although complicated by nonstandardized reporting of contaminated samples and the fact that TTD was reported in days rather than hours. Variability in the NALC-NaOH decontamination procedure can introduce significant variation in the percentage of viable cells recovered from a processed sputum sample (26) . The combination of variability in postdecontamination viability and strain-specific differences in growth rate all likely contributed to the variation in M. tuberculosis Cts observed for samples positive by MGIT on the same day.
We believe that the strong correlations that have been observed between cfu per milliliter and TTD in previous reports (27, 28) reflect the fact that both tests measure the same fraction of metabolically culturable cells that remain after sputum decontamination. In contrast, Xpert quantitation provides a measure of the M. tuberculosis DNA that is independent of bacterial metabolic status or the sample processing protocol used. Our results may indicate that in routine practice TTD is not a particularly robust indicator of initial bacterial load and that the estimate provided by the Xpert MTB/RIF may be preferred. Caution must be used in extrapolating our results to patients undergoing tuberculosis treatment. Prior studies have shown that M. tuberculosis DNA persists for long periods in effectively treated patients (29) . We have no reason to believe that studies of treated patients with the Xpert would produce substantially different findings.
The parent study was not designed to assess sample quality in particular detail, and sample classification was inherently subjective and nonstandardized. Even with these shortcomings the substantial increase in bacterial load observed in VV versus NV sputum samples suggests that simple visual inspection may be a potential method of assessing sample quality. Our results support a growing body of evidence that suggests that emphasis on collecting and testing higher-quality samples is a relatively simple low-cost way to improve operational sensitivity (30) (31) (32) (33) (34) . Studies that use M. tuberculosis Cts to compare bacterial load within or between patients should ensure samples of comparable quality are being assessed.
Whereas conventional techniques have been evaluated over a period of years and their failure modes are relatively well understood, the Xpert MTB/RIF assay is among the first commercially available nucleic acid amplification test tuberculosis tests with a quantitative function. The internal control component was included in the Xpert assay in part to identify situations in which the assay performed suboptimally, and the association between a late internal control Ct and inaccurately quantified samples supports the notion that it is functioning as intended. Importantly, the ability to detect inaccurately quantified samples based on the internal control Cts greater than 34 means that these samples can be flagged and alternative assessments pursued. One attractive option is to incorporate a correction factor based on internal control Cts greater than 34.
The strong correlation between decreasing M. tuberculosis Ct and increasing estimates of bacterial load provided by smear microscopy-based techniques suggests that the Xpert's quantitative capability is robust enough for adoption in settings where microscopy-based techniques are now used. Certainly, the distinction between smear-negative and smear-positive M. tuberculosis will continue to be useful given the widespread use of smear microscopy, but diagnostic classification schemes in public health reporting need to evolve to incorporate new information from this and other new diagnostics.
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